Condensin architecture and interaction with DNA: regulatory non-SMC subunits bind to the head of SMC heterodimer.
Condensin and cohesin are two protein complexes that act as the central mediators of chromosome condensation and sister chromatid cohesion, respectively. The basic underlying mechanism of action of these complexes remained enigmatic. Direct visualization of condensin and cohesin was expected to provide hints to their mechanisms. They are composed of heterodimers of distinct structural maintenance of chromosome (SMC) proteins and other non-SMC subunits. Here, we report the first observation of the architecture of condensin and its interaction with DNA by atomic force microscopy (AFM). The purified condensin SMC heterodimer shows a head-tail structure with a single head composed of globular domains and a tail with the coiled-coil region. Unexpectedly, the condensin non-SMC trimers associate with the head of SMC heterodimers, producing a larger head with the tail. The heteropentamer is bound to DNA in a distributive fashion, whereas condensin SMC heterodimers interact with DNA as aggregates within a large DNA-protein assembly. Thus, non-SMC trimers may regulate the ATPase activity of condensin by directly interacting with the globular domains of SMC heterodimer and alter the mode of DNA interaction. A model for the action of heteropentamer is presented.